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RADIO COMMUNICATION APPARATUS USED IN CDMA COMMUNICATION 
SYSTEM AND POWER CONSUMPTION CONTROL METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION: 

The present invention relates to a radio 
communication apparatus and a power consumption control 
method therefor and, more particularly, to a radio 
communication apparatifs used as a mobile station in a 

10 mobile communication system and used in a CDMA 
communication system to receive signals from a plurality 
of CDMA transmitters as in handover operation, and a power 
consumption control method therefor. 
DESCRIPTION OF THE PRIOR ART: 

15 Recently, mobile communication systems such as a 

system using portable telephones have become widespread . 
One of the communication schemes used by such mobile 
communication systems is CDMA (Code Division Multiple 
Access ) . 

20 According to CDMA, on the transmitting side, data is 

spread by using one of predetermined spreading codes which 
differ depending on the data to be transmitted, and the 
spread data is transmitted. On the receiving side, the 
data is obtained by spreading (so-called despreading) the 

25 reception signal by using a spreading code identical to 
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the one used on the transmitting side (to be precise, a 
code complex conjugate to the spreading code on the 
transmitting side) . In such communication based on CDMA, 
the peak correlation value of a signal received on the 
5 receiving side is found out by shifting the despreading 
timing, thereby regenerating the signal transmitted from 
the transmitting side* 

j if Owing to demands for high portability and the like, 

■B 

^J 1 mobile stations in a r mobile communication system using 

10 portable telephones or the like are required to be smaller 

Q and lighter and to be used for a long period of time. For 
this reason, built-in batteries for driving mobile 

S! stations are also reduced in size. In order to allow 

m mobile stations to operate on such compact batteries for a 

: z== t 

q 15 long period of time, it is important to reduce the power 

consumption of the mobile stations. 

The CDMA receiver disclosed in Japanese Unexamined 
Patent Publication No. 9-200177 is as an example of a 
technique of reducing the power consumption of a CDMA 
20 receiver. This CDMA receiver is designed to reduce the 
power consumption of a correlation filter for despreading 
a reception signal. 

Fig. 1 is a block diagram showing a correlation 
filter used in the CDMA receiver disclosed in Japanese 
25 Unexamined Patent Publication No. 9-200177. 



As shown in Fig. 1, this correlation filter is 
comprised of a delay circuit 51, weighting/combining 
circuit 52, timing control circuit 53 , and switch element 
54 . 

The delay circuit 51 is used to delay an input signal. 
When an input signal is a digital signal, the delay 
circuit 51 is formed by # for example, a shift register. 
When an input signal is analog signal, the delay circuit 
51 is formed by, for example, a delay line or analog shift 
register . 

The weighting/combining circuit 52 is prepared in 
correspondence with tap outputs TP1 to TPn and comprised 
of a plurality of weighting circuits for multiplying the 
tap outputs TP1 to TPn by weighting factors Wl to Wn and a 
combining circuit for combining output signals from the 
respective weighting circuits and outputting the resultant 
signal. 

The timing control circuit 53 controls the operation 
of the switch element 54 on the basis of a correlation 
output signal obtained from the weighting/combining 
circuit 52. The switch element 54 is kept closed for a 
predetermined period of time in accordance with a control 
signal from the timing control circuit 53 so as to apply a 
power supply voltage from a power supply 5 5 to * the 
weighting/combining circuit 52. 
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The weighting/combining operation of the 
weighting/combining circuit 52 is equivalent to detecting 
the correlations between the input signal and weighting 
factors Wl to Wn. In the CDMA receiver disclosed in 
5 Japanese Unexamined Patent Publication No. 9-200177, since 
the correlation results do not exhibit peaks in all parts 
of the input signal, the supply of power to the 
weighting/combining circuit 52 is stopped during periods 
corresponding to parts other than the parts in which the 
10 correlation results exhibit peaks, thereby reducing power 
consumption . 

In the CDMA mobile communication system, when a 
mobile station moves from the cell covered by a given base 
station to the cell covered by another base station, the 

15 mobile station performs a handover, i.e., switching to 
another base station from which signals are to be received, 
after a period of time during which signals from two base 
stations are received. 

For example, in this handover operation, the mobile 

20 station must receive signals from a plurality of base 
stations and demodulate the signals. This increases power 
consumption . 

According to a conventional technique like the CDMA 
receiver disclosed in Japanese Unexamined Patent 
25 Publication No. 9-200177, however, no consideration is 
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given to a reduction in power consumption in handover 
operation, and hence a large amount of power is still 
consumed in handover operation. 

In the conventional technique, no consideration is 
5 given to a reduction in power consumption in an 
arrangement in which a CDMA receiver receives signals from 
a plurality of CDMA transmitters, i.e., a site diversity 
j 3 arrangement or the like, in addition to a reduction in 

: JL-a 

^- power consumption in handover operation. 

!==!= 

10 SUMMARY OF THE INVENTION 

□ The present invention has been made in consideration 

^3 

;s of the above point, and has as its object to provide a 

. =c 

: - 

SJ radio communication apparatus used in a CDMA communication 

ijS system, which can reduce its power consumption when 

;«j 15 receiving signals from a plurality of CDMA transmitters as 

in handover operation, and a power consumption control 
method for the radio apparatus. 

In order to achieve the above object, according to 
the first main aspect of the present invention, there is 
2 0 provided a radio communication apparatus in a CDMA 
communication system which has a plurality of delay 
profile circuits for generating delay profiles by 
calculating correlations between a reception signal and 
known data at a plurality of timings, and timing circuits 
25 which are respectively prepared for the delay profile 
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circuits and generate correlation timings in the delay 
profile circuits, wherein operation of at least one of the 
delay profile circuit which generated the delay profile 
and the timing circuit for generating a correlation timing 
5 in the delay profile circuit is stopped in accordance with 
a correlation value of the delay profile . 

In the radio communication apparatus according to the 
first main aspect, the plurality of delay profile circuits 
are used to simultaneously receive signals from a 
10 plurality of CDMA transmitters, and the above operation is 
stopped during handover operation of switching from one of 
the plurality of CDMA transmitters to another CDMA 
transmitter. 

In the radio communication apparatus according to the 
15 first main aspect, when the largest correlation value of 
the delay profile is smaller than a predetermined 
threshold, the above operation is stopped. 

In the radio communication apparatus according to the 
first main aspect, when the number of delay profile 
20 circuits is represented by N (N is a natural number 
satisfying 2 < N), and largest correlation values of delay 
profiles respectively generated by the plurality of delay 
profile circuits are represented by Pb(N), Pb(N-l ),..., 
Pb(l) in decreasing order of values, the above operation 
25 is stopped if (Pb(N) - Pb(i)) or (Pb(i) - Pb(i-l)) (i is a 
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natural number satisfying 1 ^ i < N) is larger than a 
predetermined threshold . 

In the radio communication apparatus according to the 
first main aspect, a predetermined period of time during 
5 which operation of the delay profile circuit is stopped is 
a natural number multiple of a length of a radio frame of 
a reception signal. 

□ In the radio communication apparatus according to the 

O 

P first main aspect, tfte above operation is stopped by 

10 stopping supplying an operation clock or power to at least 

□ one of the delay profile circuit and the timing circuit. 

B 

According to a preferable aspect of the present 
y invention, there is provided a radio communication 

ji apparatus used in a CDMA communication system, comprising 

S 15 an antenna for receiving signals from base stations, a 

radio circuit for performing quadrature detection and 
modulation with respect to the signals received through 
the antenna, a plurality of delay profile circuits for 
obtaining delay profiles by calculating correlations 
20 between the signals from the radio circuit and known data, 
a searcher circuit for selecting a delay profile 
exhibiting a large correlation value from the plurality of 
delay profiles obtained by the delay profile circuits, and 
outputting a signal on which a despreading timing is based, 
25 a plurality of timing circuits for outputting pulse 
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signals representing correlation timings in the delay 
profile circuits on the basis of the signal from the 
searcher circuit , a CPU for controlling operations of the 
delay profile circuits and the timing circuits, and an 
5 operation clock generating circuit for generating and 
outputting operation clocks for operating the delay 
profile circuits and the timing circuits, wherein when a 
; 3 largest correlation value of the delay profile is smaller 

iJl than a predetermined threshold, a stop request signal for 

10 stopping operation of the delay profile circuit that 
q generated the delay profile is output from the searcher 

circuit to the CPU, and the CPU performs control to stop 
□ operation of at least one of the delay profile circuit and 

the timing circuit corresponding thereto upon receiving 
!S{ 15 the stop request signal. 

In the radio communication apparatus according to the 
above aspect, when a predetermined period of time has 
elapsed after the searcher circuit outputs the stop 
request signal, the searcher circuit stops outputting the 
20 stop request signal. 

In order to achieve the above object, according to 
the second main aspect of the present invention, there is 
provided a power consumption control method for a radio 
communication apparatus which is used in a CDMA 
25 communication system and has a plurality of delay profile 



circuits for generating delay profiles by calculating 
correlations between a reception signal and known data at 
a plurality of timings and timing circuits prepared for 
the respective delay profile circuits to generate 
correlation timings therein, comprising the comparison 
step of comparing a largest correlation value of the delay 
profile with a predetermined threshold, and the stop step 
of stopping operation of the delay profile circuit on the 
basis of the comparison result obtained in the comparison 
step . 

As is obvious from the respective aspects described 
above, according to the present invention, there are 
provided a radio communication apparatus used in a CDMA 
communication system, which can reduce its power 
consumption when receiving signals from a plurality of 
CDMA transmitters as in handover operation, and a power 
consumption control method for the radio apparatus. 

As an example of numerical values, each delay profile 
circuit consumes a current of about 134 mA. In this case, 
by stopping one base station delay profile circuit, the 
current consumption can be reduced by a current of about 
48 mA. 

According to the present invention, since the 
operations of delay profile circuits are stopped in 
accordance with predetermined conditions for correlation 
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values, the power consumption can be suppressed low as 
compared with the conventional CDMA scheme. 

Furthermore, according to the present invention, 
since a searcher circuit and CPU, which are also used in 
5 the conventional CDMA scheme, are used to check whether to 
stop the operations of delay profile circuits, no special 
hardware is required. 
□ The above and many other objects, features and 

Ti advantages of the present invention will become manifest 

10 to those skilled in the art upon making reference to the 
3 following detailed description and the accompanying 

; drawings in which preferred embodiments incorporating the 

y principle of the present invention are shown by way of 

S illustrative examples, 

t 15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing the arrangement of 
a correlation filter as a conventional power consumption 
reducing device in a CDMA receiver; 

Fig. 2 is a block diagram showing a schematic 
20 arrangement of a CDMA mobile communication system to which 
a mobile station according to the present invention is 
applied; 

Fig. 3 is a block diagram showing a communication 
environment for the CDMA mobile communication system in 
25 Fig. 2; 



Fig. 4 is a block diagram showing the arrangement of 
mobile station according to the first embodiment of the 
present invention ; 

Fig. 5 is a view showing the signal format of an 
example of a reception signal transmitted from a base 
station and received by the mobile station in Fig. 2; 

Fig. 6 is a block diagram showing the internal 
arrangement of a first base station delay profile circuit 
in Fig. 4; 

Fig. 7 is a block diagram showing the internal 
arrangement of a computing section in the first base 
station delay profile circuit in Fig. 6; 

Fig. 8 is a view for explaining the processing of 
obtaining correlations in a correlation processing section 
in Fig. 7; 

Fig. 9 is a block diagram showing the internal 
arrangement of a first base station searcher circuit in 
Fig. 4; 

Fig. 10 is a block diagram showing the internal 
arrangement of a first base station timing circuit in 
Fig. 4; 

Fig. 11 is a flow chart showing the processing of 
outputting a stop request signal from a correlation value 
detection circuit in Fig. 9; 

Fig. 12 is a graph for explaining the processing 
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shown in Fig. 11; 

Fig. 13 is a flow chart associated with the 
processing of restoring operation when a stop request 
signal is output from the correlation value detection 
5 circuit in Fig. 9; 

Fig. 14 is a flow chart associated with the 
processing of outputting a stop request signal from the 
correlation value detection circuit in Fig. 9 in the 
second embodiment of the present invention; and 
10 Fig. 15 is a flow chart associated with the 

processing of outputting a stop request signal from the 
correlation value detection circuit in Fig. 9. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A few preferred embodiments of the present invention 
15 will be described below with reference to the accompanying 
drawings . 

In the embodiment described below, the present 
invention is applied to a mobile station in a CDMA mobile 
communication system. The following embodiment 

20 exemplifies the case wherein power consumption is reduced 
in handover operation. 

Fig. 2 is a block diagram schematically showing an 
example of a CDMA mobile communication system to which a 
mobile station according to the present invention is 
25 applied. 
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ATM (Asynchronous Transfer Mode) communication 
techniques and the like have been applied to base stations, 
base station control equipment, and switching stations 
constituting the network side of a mobile communication 
5 system in consideration of the diversification (trends 
toward multimedia) of services provided by the mobile 
communication system and the efficient use (statistical 
3 multiplexing) of transmission paths that connect the 

P respective base stations, base station equipment, and 

« 10 switching stations. 

□ A mobile station 1 communicates with another mobile 

station, a terminal apparatus connected to another network, 
7\ or the like through the mobile communication system. The 

5 mobile station 1 can perform various types of 

£ 15 communications, e.g., speech communication and data 

S=5? 

communication. 

Transmission data from the mobile station 1 is 
transmitted as communication data to a base station 2 by 
radio communication. The base station 2 performs various 

20 processes for the communication data received from the 
mobile station 1 or other mobile stations, e.g., 
assembling the data into ATM cells, and transmits the 
resultant data to base station equipment 3. 

In this manner, base stations transmit information in 

25 the form of ATM cells within the network regardless of 



- 14 - 



whether the communication data in a radio zone is speech 
data, image data, or data in other forms. This makes it 
possible to easily cope with multimedia communication 
forms. 

5 The base station control equipment 3 routes the ATM 

cells received from the base station 2 in units of users, 
and transmits them to switching stations 4 or other 
2 subordinate base stations. The switching station 4 routes 

J 1 the ATM cells received from the base station control 

10 equipment 3 in units of users, and transmits them to other 

_ 3 

□ switching stations or a barrier station 5. 

j In such ATM cell transmission, ATM cells may be made 

U to flow in a transmission path upon generation of the ATM 

p s cells. This obviates the necessity to prepare a 

i 

S 15 transmission path for each predetermined channel in a 

conventional system. Therefore, a statistical 

multiplexing effect can be obtained, and transmission 
paths can be efficiently used. Note that the barrier 
station 5 is used to relay data to another network. 

20 In transmitting data from the network side to the 

mobile station 1, the base station 2 performs primary 
modulation such as QPSK, then performs spread spectrum 
modulation as secondary modulation, and transmits the 
resultant data. A demodulation circuit of this embodiment 

25 can be applied to, for example, the mobile station 1. The 
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mobile station 1 uses this demodulation circuit to 
demodulate a reception signal from the base station 2 by 
despreading it, thereby regenerating the data from the 
network side. 

5 Fig. 3 is a block diagram showing a communication 

environment for the CDMA mobile communication system to 
which the mobile station 1 shown in Fig. 2 is applied. 
^ The CDMA mobile communication system shown in Fig. 3 

uses the cellular scfieme. In this system, the range 

| safe 

!*t 10 covered by a base station 2a is a cell 6a , the range 

j 3 covered by a base station 2b is a cell 6b , and the range 

covered by a base station 2c is a cell 6c. 

:_i 

■4 Assume that the mobile station 1 currently exists in 

m the cell 6a and is moving in the direction indicated by 

q 15 the arrow in Fig. 3. At this time, the mobile station 1 

communicates with only the base station 2a at first, and 
then performs handover upon detection of a decrease in the 
strength of a signal from the base station 2a. In this 
handover, the mobile station 1 simultaneously receives 
20 signals from base stations other than the base station 2a 
as well as the signal from the base station 2a, and finds 
out a base station from which the strongest signal can be 
received, thereby switching to the base station for the 
subsequent communication . 
25 As described above, the mobile station 1 must 
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simultaneously receive signals from a plurality of base 
stations in handover operation. The signals from the 
respective base stations are transmitted after being 
spread by different spreading codes. In order to allow 
5 the mobile station 1 to simultaneously receive the signals 
from the base stations, therefore, circuits for finding 
out the timings of despreading the reception signals must 
' : *z be prepared by the number of base stations from which 

!" s 3 signals are to be simultaneously received. 

10 Fig. 4 is a block diagram showing a mobile station 

j 2 according to the first embodiment of the present invention. 

! |__ This embodiment includes an antenna 7 for receiving 

SI signals from base stations, a radio circuit 8 for 

ill performing quadrature detection and modulation with 

Q 15 respect to the signals received through the antenna 7, a 

delay profile circuit 9 for obtaining delay profiles by 
calculating the correlations between the signals from the 
radio circuit 8 and known data, a searcher circuit 10 for 
selecting one of the plurality of delay profiles obtained 
20 by the delay profile circuit 9 which exhibits a high 
correlation value and outputting a signal on which a 
despreading timing is based, a timing circuit 11 for 
outputting a pulse signal representing the correlation 
timing in the delay profile circuit 9 on the basis of the 
25 signal from the searcher circuit 10, a CPU 12 for 
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controlling the operations of the delay profile circuit 9 
and timing circuit 11, and an operation clock generating 
circuit 13 for generating and outputting operation clocks 
for operating the delay profile circuit 9 and timing 
5 circuit 11. The operation clock generating circuit 13 
generates and outputs, for example, a clock signal having 
a frequency of 16,384 MHz. 
^ As described above, a mobile station must 

1)1 simultaneously receive' signals from a plurality of base 

j 8 ^ 10 stations in handover operation. In the case shown in 

□ Fig. 4, therefore, the delay profile circuit 9, searcher 

circuit 10, and timing circuit 11 are prepared for each 
base station. 

iS The delay profile circuit 9 is comprised of a first 

i3 15 base station delay profile circuit 9a, second base station 

delay profile circuit 9b, and third base station delay 
profile circuit 9c which are prepared for the respective 
base stations from which signals are simultaneously 
received. 

20 The searcher circuit 10 is comprised of a first base 

station searcher circuit 10a, second base station searcher 
circuit 10b, and third base station searcher circuit 10c 
which are prepared for the respective base stations from 
which signals are simultaneously received. 

25 The timing circuit 11 is comprised of a first base 
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station timing circuit 11a, second base station timing 
circuit lib, and third base station timing circuit 11c 
which are prepared for the respective base stations from 
which signals are simultaneously received. 
5 Note that the searcher circuit 10 may be formed by a 

DSP, and its processing may be implemented by software. 
In this case, one DSP can perform processing associated 
j 3 with a plurality of base stations. 

j P Fig. 5 is a view r showing an example of the format of 

\^ 10 a reception signal which is transmitted from the base 

O station 2 in Fig. 2 and received by the mobile station 1. 

. i As shown in Fig. 5, a 10 -ms long radio frames are 

y continuously transmitted from the base station 2. One 

m radio frame is constituted by 16 slots. One slot is 

15 constituted by 10 symbols. 10 symbols constituting one 
slot include four pilot symbols and six information data 
symbols . 

A pilot symbol is known data predetermined by the 
communication system. The delay profile circuit 9 shown 
20 in Fig. 4 calculates a delay profile by using this known 
data. An information data symbol is actual data to be 
actually transmitted/received in communication between 
terminals . 

As described above, the delay profile circuit 9 is 
25 configured for each base station and divided into the 
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first base station delay profile circuit 9a, second base 
station delay profile circuit 9b, and third base station 
delay profile circuit 9c. Data transmitted from the 
respective base stations are spread by different spreading 
5 codes. The respective base station delay profile circuits 
9a # 9b, and 9c despread the signals by despreading codes 
allocated to the respective base stations, thereby 
obtaining only the signals from the respective base 
stations . 

10 Since the first base station delay profile circuit 9a, 

second base station delay profile circuit 9b, and third 
base station delay profile circuit 9c in the delay profile 
circuit 9 shown in Fig. 4 have the same internal 
arrangement, the first base station delay profile circuit 

15 9a will be described below as a representative. 

Likewise, since the first base station searcher 
circuit 10a, second base station searcher circuit 10b, and 
third base station searcher circuit 10c in the searcher 
circuit 10 shown in Fig. 4 have the same internal 

20 arrangement, the first base station searcher circuit 10a 
will be described below as a representative. Since the 
first base station timing circuit 11a, second base station 
timing circuit lib, and third base station timing circuit 
11c in the timing circuit 11 shown in Fig. 4 have the same 

25 internal arrangement, the first base station timing 



- 20 - 



circuit 11a will be described below as a representative. 

Fig. 6 is a block diagram showing the internal 
arrangement of the first base station delay profile 
circuit 9a in Fig. 4. 

The first base station delay profile circuit 9a 
includes a CPU interface section 15 serving as an 
interface for receiving a delay profile circuit control 
signal from the CPU 12 in Fig. 4, a computing section 16 
for performing a computation for obtaining a delay profile, 
a RAM control circuit 17 for controlling read/write with 
respect to an external DPRAM 19, and a switch section 18 
for performing switching operation to supply operation 
clocks or stop supplying them. The CPU interface section 
15 , computing section 16 , and RAM control circuit 17 
operate upon receiving operation clocks. The computing 
section 16 and RAM control circuit 17 stop operating when 
the supply of operation clocks is stopped. During this 
operation stop period, they consume almost no power. The 
switch section 18 is normally closed to supply operation 
clocks to the computing section 16 and RAM control circuit 
17 as well as the CPU interface section 15. 

The DPRAM 19 is a bidirectional RAM, which allows 
read/write operation in two directions, i.e., from the 
delay profile circuit 9 side and the searcher circuit 10 
side. The delay profile circuit 9 and searcher circuit 10 



exchange data through the DPRAM 19. More specifically, 
the delay profiles generated by the delay profile circuit 
9 are written in the DPRAM 19, and the searcher circuit 10 
reads out the delay profiles from the DPRAM 19. 

A total of three DPRAMs , each identical to the DPRAM 
19, may be prepared for the first base station delay 
profile circuit 9a, second base station delay profile 
circuit 9b , and third base station delay profile circuit 
9c , or only one DPRAlM may be prepared for the delay 
profile circuit 9. 

Fig. 7 is a block diagram showing the internal 
arrangement of the computing section 16 in the first base 
station delay profile circuit 9a in Fig. 6. 

The computing section 16 is comprised of a 
correlation processing section 21 for calculating the 
correlations between a reception signal from the first 
base station and known data, a power value calculating 
section 22 for converting the correlation results obtained 
by the correlation processing section 21 into power values, 
a power value adding section 23 for adding the outputs 
from the power value calculating section 22, and an 
average value calculating section 24 for obtaining the 
average of addition results corresponding to a plurality 
of slots of the reception signal and outputting the 
average as a delay profile. 



Referring to Fig. 6, the computing section 16 
performs control such as addressing for write/read 
operation with respect to the DPRAM 19 through the RAM 
control circuit 17. Fig. 7 shows the flow of data, and 
5 hence does not show the RAM control circuit 17. 

The operation of the first base station delay profile 
circuit 9a will be described below with reference to 
: i Figs. 6 and 7. 

; Ji A reception signal from the radio circuit 8 in Fig. 4 

\^[ 10 and a delay profile circuit timing signal from the first 

! 3 base station timing circuit 11a in Fig. 10 are input to 

the computing section 16 of the first base station delay 

1 S5ST 

y profile circuit 9a in Fig. 6. 

!jl The correlation processing section 21 of the 

13 15 computing section 16 in Fig. 7 receives a spreading code 

for the corresponding base station and known data (e.g., a 
pilot symbol) from the CPU 12 through the CPU interface 
section 15 , and despreads the reception signal by using 
the spreading code. The correlation processing section 21 
20 also obtains the correlations between the reception signal 
and the known data upon despreading the reception signal 
at the timing indicated by the delay profile circuit 
timing signal. 

Fig. 8 is a view for explaining the processing for 
25 obtaining correlations in the correlation processing 
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section 21 in Fig. 7. 

First of all, the correlation processing section 21 
despreads the reception signal by using the despreading 
code obtained through the CPU interface section 15. The 
5 reception signal shown in Fig. 8 is a signal obtained by 
despreading. 

As shown in Fig. 8, the correlation processing 
section 21 then loads the reception signal at the timing 
indicated by the delay*" profile circuit timing signal, and 
10 obtains the correlations between the loaded data and the 
known data. 

In obtaining the correlations, the correlation 
processing section 21 obtains a plurality of correlation 
results while shifting gradually shifting the position of 

15 the known data relative to the loaded data (shifting the 
correlation detection timing) . In the case shown in 
Fig. 8, a total of 512 correlation results are obtained by 
shifting the relative position 61 ns at a time. This 
correlation detection timing shift width, 61 ns , is the 

20 pulse period of a 16.384-MHz clock generated by the 
operation clock generating circuit 13 in Fig. 4. As is 
obvious, however, the present invention is not limited to 
this . 

The correlation results obtained in this manner are 
25 transferred to the power value calculating section 22 and 



subsequent blocks. Subsequently , the power value 

calculating section 22 converts the correlation results 
obtained by the correlation processing section 21 into 
power values. The power value adding section 23 adds the 
outputs from the power value calculating section 22. The 
average value calculating section 24 obtains the average 
of addition results corresponding to a plurality of slots 
of the reception signal and outputting the average as a 
delay profile. 

The power value adding section 23 uses the DPRAM 19 
to temporarily store the data obtained by addition 
processing. The average value calculating section 24 
writes the obtained delay profiles in the DPRAM 19 to 
output the delay profile. As a consequence, 512 delay 
profiles with different correlation detection timings are 
written in the DPRAM 19. The searcher circuit 10 in 
Fig. 4 obtains the delay profiles as correlation results 
through the DPRAM 19. 

Fig. 9 is a block diagram showing the internal 
arrangement of the first base station searcher circuit 10a 
shown in Fig. 4. 

The first base station searcher circuit 10a is 
comprised of a correlation value detection circuit 26 for 
finding out a delay profile exhibiting the largest 
correlation value from a plurality of delay profiles with 
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different correlation detection timings which are obtained 

by the first base station delay profile circuit 9a, and 

outputting a stop request signal by performing processing 

(to be described later) with respect to the correlation 

5 value, a timing control circuit 27 for outputting a timing 

correction signal for correcting the correlation detection 

timing in the first base station delay profile circuit 9a 

: =f on the basis of the correlation detection timing of the 

delay profile exhibiting the largest correlation value 

] ~ 10 which is found out by the correlation value detection 

W 

U circuit 26, and also outputting a despreading timing 

\JJ 

signal representing the timing of despreading the 

; a 

reception signal, and a RAM 28 in which a threshold used 
jTj for the processing of outputting a stop request signal in 

13 15 the correlation value detection circuit 26 is stored. 

In the first base station searcher circuit 10a shown 
in Fig. 9, first of all, the correlation value detection 
circuit 26 reads out 512 delay profiles with different 
correlation detection timings from the DPRAM 19, searches 
20 out a delay profile exhibiting the largest correlation 
value, i.e., the peak correction value, and notifies the 
timing control circuit 27 of it. 

The processing of outputting a stop request signal in 
the correlation value detection circuit 26 will be 
25 described later. 
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The timing control circuit 27 outputs a timing 
correction signal for correcting the correlation detection 
timing in the first base station delay profile circuit 9a 
on the basis of the correlation detection timing of the 
5 delay profile exhibiting the largest correlation value 
which is found out by the correlation value detection 
circuit 26, and outputs a despreading timing signal 
representing the timing of despreading the reception 
signal in a finger (not shown) . 
10 The timing correction signal and despreading timing 

signal output from the timing control circuit 27 in the 
first base station searcher circuit 10a will be described 
below. 

As shown in Fig. 8, each of the base station delay 
15 profile circuits 9a, 9b, and 9c in the delay profile 
circuit 9 obtains 512 delay profiles with different 
correlation detection timings. If, therefore, known data 
inserted in a reception signal is located outside the 512 
delay profiles, a correct despreading position cannot be 
20 found out. 

In order to solve this problem, the timing control 
circuit 27 outputs a timing correction signal for 
correcting a delay profile circuit timing signal such that 
an almost middle delay profile of the 512 delay profiles 
25 in Fig. 8 exhibits the largest correlation value. 
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The despreading timing signal output from the timing 
control circuit 27 is used to notify a finger (not shown) 
of the timing of despreading the reception signal. 
Therefore, with a data format in which known data, i.e., 
5 pilot symbols, are located in the head portion of each 
slot as shown in Fig. 5, a despreading timing signal is 
output at the correlation detection timing of one of the 
512 delay profiles in Fig. 8 which exhibits the largest 
correlation value. r 

10 The timing correction signal and despreading timing 

signal output from the timing control circuit 27 in the 
first base station searcher circuit 10a are input to the 
first base station timing circuit 11a in Fig. 10. 

Fig. 10 is a block diagram showing the internal 

15 arrangement of the first base station timing circuit 11a 
in Fig. 4. 

The first base station timing circuit 11a is 
comprised of a CPU interface section 30 serving as an 
interface for receiving a timing circuit control signal 

20 from the CPU 12 in Fig. 4, a count section 31 for counting 
up on the basis of a counter on/off signal from the CPU 
interface section 30 and a timing correction signal from 
the first base station searcher circuit 10a, and 
outputting timing data having a period of 10 ms, a 

25 comparing section 32 for comparing the timing data output 
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form the count section 31 with the despreading timing 
signal from the first base station searcher circuit 10a 
and outputting timing data indicating the coincidence 
therebetween, a signal generating section 33 for 
5 generating a pulse signal on the basis of the timing data 
output from the count section 31 to output it as a delay 
profile circuit timing signal, and generating a pulse 
E 'i signal on the basis of the timing data output from the 

l\ comparing section 32 r to output it as a finger timing 

10 signal, and a switch section 34 for performing switching 
y operation to supply operation clocks or stop supplying 

L them. The CPU interface section 30, count section 31, 

y comparing section 32, and signal generating section 33 

Q 

1J1 operate upon receiving operation clocks. The count 

Q 15 section 31, comparing section 32, and signal generating 

section 33 stop operating when the supply of operation 
clocks is stopped. During this operation stop period, 
they consume almost no power. The switch section 34 is 
normally closed to supply operation clocks to the count 
20 section 31, comparing section 32, and signal generating 
section 33 as well as the CPU interface section 30. 

In the first base station timing circuit 11a, the 
count section 31 counts a period of 10 ms and outputs it 
by counting up in accordance with a counter on/off signal 
25 obtained through the CPU interface section 30, thereby 



generating a signal having a period corresponding to the 
length of the radio frame shown in Fig. 5. 

The count section 31 is reset by a timing correction 
signal from the timing control circuit 27 in Fig. 9. As a 
result, a signal having a period corresponding to the 
length of the radio frame is generated at the timing of 
the timing correction signal. 

The signal from the count section 31 is input to the 
signal generating section 33. The signal generating 
section 33 generates a pulse signal at the period of the 
signal from the count section 31, and outputs it as a 
delay profile circuit timing signal. 

The signal from the count section 31 is also input to 
the comparing section 32. The comparing section 32 
compares the signal input from the count section 31 with 
the despreading timing signal from the timing control 
circuit 27 in Fig. 9, and outputs a coincidence signal 
when they coincide with each other. This coincidence 
signal is input to the signal generating section 33. The 
signal generating section 33 generates a pulse signal at 
the period of the coincidence signal from the comparing 
section 32, and outputs it as a finger timing signal. 
This finger timing signal is input to the finger (not 
shown) to be used as a despreading timing in the finger. 

Fig. 11 is a flow chart showing the processing of 
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outputting a stop request signal from the correlation 
value detection circuit 26 in Fig. 9 in the first 
embodiment of the present invention. 

First of all, the correlation value detection circuit 
5 26 in Fig. 9 reads out 512 delay profiles with different 
correlation detection timings from the DP RAM 19 (step A-l), 
and searches the delay profiles for a delay profile 
exhibiting the largest correlation value, i.e., the peak 
correlation value (step A-2). 

10 The largest correlation value is compared with the 

threshold stored in advance in the RAM 28 in the first 
base station searcher circuit 10a (step A-3). If the 
largest value is smaller than the threshold, as shown in 
Fig. 12, a stop request signal is output (step A-4). 

15 Upon receiving this stop request signal, the CPU 12 

in Fig. 4 outputs the corresponding information over a 
delay profile circuit control signal. Upon receiving this 
delay profile circuit control signal, the CPU interface 
section 15 in the first base station delay profile circuit 

20 9a in Fig. 6 opens the switch section 18 to stop the 
supply of operation clocks to the computing section 16 and 
RAM control circuit 17. The computing section 16 and RAM 
control circuit 17 stop operating when the supply of 
operation clocks is stopped. This makes it possible to 

25 reduce power consumption. 
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Upon receiving the stop request signal, the CPU 12 
outputs the corresponding information over a timing 
circuit control signal. Upon receiving this timing 
circuit control signal, the CPU interface section 30 in 
5 the first base station timing circuit 11a in Fig. 10 opens 
the switch section 34 to stop the supply of operation 
clocks to the count section 31, comparing section 32, and 
signal generating section 33. The count section 31, 
comparing section 32,*" and signal generating section 33 
10 stop operating when the supply of operation clocks is 
stopped. This makes it possible to reduce power 

consumption. 

Fig. 13 is a flow chart showing the processing of 
restoring operation when a stop request signal is output 
15 from the correlation value detection circuit 26 in Fig. 9. 
The processing shown in Fig. 13 is executed by the 
correlation value detection circuit 26 in Fig. 9. 

In step B-l, it is checked whether a stop request 
signal is currently output. If NO in step B-l, the flow 
20 waits until a stop request signal is output. 

If YES in step B-l , the flow waits until a 
predetermined period of time elapses after the stop 
request signal is output (step B-2). When this 

predetermined period of time has elapsed, output ting the 
25 stop request signal is stopped (step B-3). 
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The predetermined period of time in step B-2 is 
preferably a natural number multiple of the length of a 
radio frame. If the length of the radio frame is 10 ms , 
the predetermined period of time is 10 ms x n (n is a 
5 natural number) . 

When outputting the stop request signal to the CPU 12 
in Fig. 4 is stopped, the CPU 12 outputs the corresponding 
information over a delay profile circuit control signal. 
Upon receiving this delay profile circuit control signal, 

10 the CPU interface section 15 in the first base station 
delay profile circuit 9a in Fig. 6 closes the switch 
section 18 to resume supplying operation clocks to the 
computing section 16 and RAM control circuit 17. 

In addition, when the stop request signal is stopped, 

15 the CPU 12 outputs the corresponding information over a 
timing circuit control signal. Upon receiving this timing 
circuit control signal, the CPU interface section 30 in 
the first base station timing circuit 11a in Fig. 10 
closes the switch section 34 to resume supplying operation 

20 clocks to the count section 31, comparing section 32, and 
the signal generating section 33. 

The second embodiment of the present invention will 
be described next . Since the second embodiment has the 
same block arrangement as that of the first embodiment, 

25 the second embodiment will be described with reference to 
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Figs. 2 to 8 # and a detailed description thereof will be 
omitted. In this embodiment, a searcher circuit 10 in 
Fig* 4 is not configured to perform processing 
independently for each of a plurality of base stations 
from which signals are simultaneously received but is 
configured to refer to the correlation values of delay 
profiles associated with a plurality of base stations. 

Fig. 14 is a flow chart showing the processing of 
outputting a stop request signal from a correlation value 
detection circuit 26 in Fig. 9 in the second embodiment of 
the present invention. 

The correlation value detection circuit 26 in Fig. 9 
reads out 512 delay profiles with different correlation 
detection timings, corresponding to each base station, 
from a DPRAM 19 (step C-l), and searches the delay 
profiles for a delay profile exhibiting the largest 
correlation value, i.e., the peak correlation value, for 
each base station (step C-2). 

Of the largest correlation values obtained for the 
respective base stations, the largest value is represented 
by Pbl; the second largest value, Pb2, and the smallest 
value, Pb3 (step C-3). The difference (Pbl - Pb2) between 
Pbl and Pb2 is then compared with a threshold stored in 
advance in the RAM 28 (step C-4). If (Pbl - Pb2) is 
larger than the threshold, stop request signals for the 
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base stations corresponding to Pb2 and Pb3 are output 
( step C-5 ) . 

Upon receiving these stop request signals, a CPU 12 
in Fig. 4 outputs the corresponding information over delay 
5 profile circuit control signals, and stops supplying 
operation clocks to computing sections 16 and RAM control 
circuits 17 for the base stations corresponding to Pb2 and 
Pb3 by the same processing as that in the first embodiment. 
The computing sections' 16 and RAM control circuits 17. stop 

10 operating when the supply of operation clocks is stopped. 
This makes it possible to reduce power consumption. 

In addition, upon receiving the stop request signals, 
the CPU 12 outputs the corresponding information over 
timing circuit control signals, and stops supplying 

15 operation clocks to count sections 31, comparing sections 
32, and signal generating sections 33 for the base 
stations corresponding to Pb2 and Pb3 by the same 
processing as that in the first embodiment. The count 
sections 31, comparing sections 32, and signal generating 

20 sections 33 stop operating when the supply of operation 
clocks is stopped. This makes it possible to reduce power 
consumption . 

If it is determined in step C-4 that (Pbl - Pb2) is 
equal to or smaller than the threshold, the difference 
25 (Pbl - Pb3) between Pbl and Pb3 is compared with the 



threshold stored in advance in the RAM 28. If (Pbl - Pb3 ) 
is larger than the threshold, a stop request signal for 
the base station corresponding to Pb3 is output (step C-7). 

Upon receiving this stop request signal, the CPU 12 
in Fig. 4 outputs the corresponding information over delay 
profile circuit control signals, and stops supplying 
operation clocks to the computing section 16 and RAM 
control circuit 17 for the base station corresponding to 
Pb3 by the same processing as that in the first embodiment. 
The computing section 16 and RAM control circuit 17 stop 
operating when the supply of operation clocks is stopped. 
This makes it possible to reduce power consumption. 

Upon receiving the stop request signal, the CPU 12 
outputs the corresponding information over timing circuit 
control signals, and stops supplying operation clocks to 
the count section 31, comparing section 32, and signal 
generating section 33 for the base station corresponding 
to Pb3 by the same processing as that in the first 
embodiment. The count section 31, comparing section 32, 
and signal generating section 33 stop operating when the 
supply of operation clocks is stopped. This makes it 
possible to reduce power consumption. 

Since the processing of restoring operation when a 
stop request signal is output from the correlation value 
detection circuit 26 in Fig. 9 in the second embodiment is 
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the same as that shown in Fig. 13, a description thereof 
will be omitted. 

The third embodiment of the present invention will be 
described next . Since the third embodiment has the same 
5 block arrangement as that of the first embodiment, the 
third embodiment will be described with reference to 
Figs. 2 to 8 # and a detailed description thereof will be 
omitted. In this embodiment, as in the second embodiment, 
a searcher circuit 10 in Fig. 4 is not configured to 
10 perform processing independently for each of a plurality 
of base stations from which signals are simultaneously 
received but is configured to refer to the correlation 
values of delay profiles associated with a plurality of 
base stations. 

15 Fig. 15 is a flow chart showing the processing of 

outputting a stop request signal from a correlation value 
detection circuit 26 in Fig. 9 in the third embodiment of 
the present invention. 

The correlation value detection circuit 26 in Fig. 9 

20 reads out 512 delay profiles with different correlation 
detection timings, corresponding to each base station, 
from a DPRAM 19 (step D-l), and searches the delay 
profiles for a delay profile exhibiting the largest 
correlation value, i.e., the peak correlation value, for 

25 each base station (step D-2). 
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Of the largest correlation values obtained for the 
respective base stations, the largest value is represented 
by Pbl; the second largest value, Pb2, and the smallest 
value, Pb3 (step D-3). The difference (Pbl - Pb2 ) between 
5 Pbl and Pb2 is then compared with a threshold stored in 
advance in a RAM 28 (step D-4). If (Pbl - Pb2) is larger 
than the threshold, stop request signals for the base 
stations corresponding to Pb2 and Pb3 are output (step 
D-5). 

10 Upon receiving these stop request signals, a CPU 12 

in Fig. 4 outputs the corresponding information over delay 
profile circuit control signals, and stops supplying 
operation clocks to computing sections 16 and RAM control 
circuits 17 for the base stations corresponding to Pb2 and 

15 Pb3 by the same processing as that in the first embodiment. 
The computing sections 16 and RAM control circuits 17 stop 
operating when the supply of operation clocks is stopped. 
This makes it possible to reduce power consumption. 

In addition, upon receiving the stop request signals, 

20 the CPU 12 outputs the corresponding information over 
timing circuit control signals, and stops supplying 
operation clocks to count sections 31, comparing sections 
32, and signal generating section 33 for the base stations 
corresponding to Pb2 and Pb3 by the same processing as 

25 that in the first embodiment. The count sections 31, 
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comparing sections 32 , and signal generating sections 33 
stop operating when the supply of operation clocks is 
stopped. This makes it possible to reduce power 

consumption. 

5 If it is determined in step D-4 that (Pbl - Pb2 ) is 

equal to or smaller than the threshold, the difference 
(Pb2 - Pb3) between Pb2 and Pb3 is compared with the 
threshold stored in the RAM 28 (step D-6). If (Pb2 - Pb3 ) 
is larger than the threshold, a stop request signal for 

10 the base station corresponding to Pb3 is output (step D-7). 

Upon receiving this stop request signal, the CPU 12 
in Fig. 4 outputs the corresponding information over delay 
profile circuit control signals, and stops supplying 
operation clocks to the computing section 16 and RAM 

15 control circuit 17 for the base station corresponding to 
Pb3 by the same processing as that in the first embodiment. 
The computing section 16 and RAM control circuit 17 stop 
operating when the supply of operation clocks is stopped. 
This makes it possible to reduce power consumption. 

20 Upon receiving the stop request signal, the CPU 12 

outputs the corresponding information over timing circuit 
control signals, and stops supplying operation clocks to 
the count section 31, comparing section 32, and signal 
generating section 33 for the base station corresponding 

25 to Pb3. The count section 31, comparing section 32, and 



signal generating section 33 stop operating when the 
supply of operation clocks is stopped. This makes it 
possible to reduce power consumption. 

Since the processing of restoring operation when a 
stop request signal is output from the correlation value 
detection circuit 26 in Fig. 9 in the third embodiment is 
the same as that shown in Fig. 13 f a description thereof 
will be omitted. 

In the third embodiment, the thresholds in steps D-4 
and D-6 in Fig. 15 may be set to different values in 
advance . 

In each embodiment described above, both the 
operations of the delay profile circuit 9 and timing 
circuit 11 are stopped under a predetermined condition. 
However, the present invention is not limited to this. 
The operation of the delay profile circuit 9 or timing 
circuit 11 may be stopped. Assume that the operation of 
only the timing circuit 11 is to be stopped. In this case, 
if it is determined in step B-2 in Fig. 13 that the 
predetermined period of time has not elapsed, the 
processing in step A-l and subsequent steps in Fig. 11 may 
be performed to determine whether the timing circuit 11 is 
operated or stopped on the basis of the latest delay 
profile . 

If the searcher circuit 10 is configured to 



- 40 - 



correspond to each of a plurality of base stations from 
which signals are simultaneously received, its operation 
may be stopped under a predetermined condition like the 
delay profile circuit 9 and timing circuit 11, 
5 In each embodiment described above, the supply of 

operation clocks to the delay profile circuit 9 and timing 
circuit 11 is stopped under a predetermined condition, 
i However, the present invention is not limited to this. 

: Js=F 

'*! For example, the supply of power to the delay profile 

;~ 10 circuit 9 and timing circuit 11 may be stopped because it 

;^ is required to stop the operations of the delay profile 

^ circuit 9 and timing circuit 11. 

Sf Each embodiment described above is configured to 

ill simultaneously receive signals from three base stations. 

Q 15 In the present invention, however, the number of base 

stations from which signals can be simultaneously received 
is not limited to three. In this case, the number of 
constituent elements of each of the delay profile circuit 
9, searcher circuit 10, and timing circuit 11 is not 
20 limited three and may be matched with the number of base 
stations from which signals can be received. 



